The bis-1,3,4-oxadiazole-thione and bis-4-amino-1,2,4-triazole-thiol derivatives from L-tartaric acid were synthesized. The synthetic intermediates, ester, hydrazide and oxadiazole derivatives have shown a significant tendency to form complexes with Fe(III), Ni(II) and Cu(II) ions. The formation of complexes with metals was detected by UV-Vis and IR spectroscopy. A novel complex nucleoside from bis-4-amino-1,2,4-triazole-thiol derivative with l-arabinose was also synthesized. The antimicrobial activity for final and synthetic intermediates in vitro against the microorganisms: Escherichia coli, Pseudomonas aeruginosa, Yersinia pseudotuberculosis, Enterococcus faecalis, Staphylococcus aureus and Candida albicans were examined and some products showed noticeable activity against the tested microorganisms.
Introduction
Tartaric acid occurs naturally in many plants, particularly grapes, bananas and tamarinds. It is added to food to give a sour taste 1 and is used as an antioxidant 2 . Tartaric acid is a muscle toxin, which works by inhibiting the production of malic acid and in high doses causes paralysis and death 3 . It is used in the medical fields 4 and acting as a preservative after fermentation 5 . Salts of tartaric acid (Rochelle salt) used as mild laxative and tartaric dihydrazides utilized as agrochemicals 6 . Derivatives of tartaric acid are frequently used, widely available and inexpensive acid resolving agents for the separation of racemic mixtures via diastereoisomeric salt 7, 8 or supramolecular compound formations 9, 10 . Tartaric acid and its derivatives such as: esters, hydrazides, 1,3,4-oxadiazole-2-thiones and 1,2,4-triazole thiols can be ideal ligands to build up organo-matallic complexes 11, 12 . In another hand, tartaric acid may be used as good starting material for the synthesis of doubleheaded nucleosides and studying their antimicrobial activity.
It is well documented that 1,3,4-oxadiazole, 1,2,4-triazole and their thiol derivatives are classes of heterocyclic, known to show a wide variety of biological [13] [14] [15] and industrial applications 16, 18 . Also, tying up of sugar molecules to simple heterocyclic moieties are often employed to deal with targeting mechanism of action and /or pharmacology 19 . Although mono-nuclear bases such as oxadiazole and triazole derivatives linked to a glycofuranose and/ or glucopyranose skeleton have been described in the literature 20 but little information about double headed nucleosides were published 2 .
The growing attention in the chemistry of double-headed nucleosides in the literature and tendency of metal-complex formation prompted us to design the synthesis of some L-tartaric acid derivatives such as bis-oxadiazole and bis -4-amino triazole. For the purpose of evaluating their capacity to form metal ion complexes and biological activity against Gram-positive and Gram-negative bacteria and fungus.
Experimental
All reactions were monitored by TLC silica gel 60 F 254 , Merck, Germany. The melting points were measured with a BÜCHI 540 melting point apparatus and are uncorrected. The IR spectra were recorded using KBr discs and a JASCO V-530 spectrophotometer and in the IR spectra solutions were obtained with a GENESIS II FTIR spectrophotometer. The UV-VIS spectra were recorded by UV-VIS Spectrophotometer 4418 PC (ZUZI). The 1 H, 13 C NMR (250 MHz) spectra were recorded on Bruker AC 250 MHz in CDCl 3 and referenced to TMS . Bacterial evaluations were performed in the Department of Chemistry, University of Alexandria, Egypt.
Synthesis

Diethyl -l (+)-tartarate (2) [L1]
L (+) tartaric acid (1, 1.5 g, 0.01 mole), ethanol (10 mL) and sulphuric acid (1.0 mL) were refluxed in an oil bath 110 °C for 7 hours. Aqueous brine solution (15 mL) was added and stirred then allowed to stand for few minutes, neutralized with sodium bicarbonate solution to pH=7, extracted three times with dichloromethane (10 mL), dried over anhydrous Na 2 SO 4 and filtered. Dichloromathane was evaporated down to dryness to give colourless syrup of diethyl -L (+)-tartarate (2, 1.43 g, 96%). For UV spectrum, see Table 1 and for IR spectrum (Table 2) .
L (+)Tartaric dihydrazides (3) [L2]
Diethyl -L (+) tartarate (2, 5.0 g, 0.025 mole), ethanol (35 mL) and hydrazine hydrate 64% (20 mL) were mixed at room temperature for 25 minutes. A white crystalline precipitate was formed, filtered, washed with cold ethanol and recrystallized from water/ethanol gave L (+) tartaric dihydrazides (3, 4.2 g, 84%), m.p 178-180 °C. For U.V. spectrum, see Table 1 and for IR spectrum, see Table 2 .
Bis-1,3,4-oxadiazole-5-thionylethylene glycol (4) [L3]
Dihydrazide-L (+)-tartarate (3, 5 .0 g, 0.028 mole) was dissolved in water (30 mL), aqueous solution of KOH ( KOH 10 g in water 10 mL) and carbon disulphide (80 mL) was added and the mixture was refluxed at 110 °C for 4 h. After cooling, HCl (30%) was added drop wise until pH=5, solid formed and filtered. The solid was washed with cold acetone, recrystallized from ethanol/chloroform to give colorless fibers of (4, 3.6 g, 72%), m.p. 240-242 °C. For UV spectrum Table 1 and IR spectrum 
Bis-(4-amino-5-mercapto-4H-1, 2, 4-triazole-3-yl) ethylene glycol (5)
Dihydrazide-L (+) tartarate (3, 5.0 g, 0.028 mole) was dissolved in alcoholic KOH (KOH 1.5 g in methanol 35 mL) added to it carbon disulphide (10 mL), the mixture was magnetically stirred for 17 r at room temperature. Dichloromethane (20 mL), hydrazine hydrate 67% (10 mL), KCl (2.0 g) in water (20 mL) were gradually added and the reaction mixture was refluxed for 4 h at which hydrogen sulphide gas was evolved and the colour of the solution had changed into bright green. The reaction mixture was cooled down to room temperature, HCl was added to pH= 1. 
Bis-(4-L(+)-arabinosidyl-amino-5-mercapto-4H-[1,2,4]-triazole-3-yl)ethylene glycol (6)
Amino triazole (5, 1.5 g, 0.005 mole), L(+)-arabinose (1.75 g, 0.01 mole), ethanol (25 mL) and HCl (0.5 mL) were mixed together and refluxed for 4 h. The reaction mixture was neutralized with NaHCO 3 ; fine powder was formed and filtered. The filtrate concentrated to half volume to give more fine precipitate, combined batches of 6 (1. 
General Procedure of 1:1 stoichoimetric ligands-metal complexation
The ligand (1.0 mole) dissolved in ethanol/water, metal chloride (1.0 mole) in ethanol/water were mixed together. An immediate precipitate was formed. The reaction mixture was allowed to stir magnetically for overnight at room temperature. Filtered and washed with cold ethanol. The filtrate concentrated to half volume to give more fine precipitate, combined batches of Lx-M (1.13 g, ~75%). For U.V. spectrum refer Table 1 and for IR  spectrum refer Table 2 .
Antimicrobial activity
A disk diffusion assay according to the standard protocols (NCCLS, 2003 (NCCLS, , 2005 ; CLSI, 2006) were used [22] [23] [24] to determine the susceptibility of three Gram-positive bacteria Staphylococcus aureus ATCC 25923 and Enterococcus faecalis ATTC 29212 and two Gram-negative bacteria Escherichia coli ATCC 25924, Pseudomonas aeruginosa ATCC 10145 and fungus C. albicans using Ampicillin and Gentamycin as references. The bacterial suspension (in 0.9% NaCl) turbidity were adjusted to 0.5 McFarland, then the suspensions were spread with a sterile cotton swab confluently over the entire surface of Mueller Hinton agar (Merck, Germany).
The minimum inhibition concentration (MIC) tests
Each 1 mL of the original concentration (10 µg mL -1 ) in DMSO (10% v:v) of the compounds 2-6 were diluted with DMSO for five times to 5.0, 2.5, 1.25 µg mL -1 and optical density were measured at 600 nm at 0, 18, 24 and 48 h.
Results and Discussion
Synthesis and characterization of ligands
The bis-1, 3, 4 -oxadiazole-2(3H) -thionyl ethylene glycol 4 and bis-1, 2, 4-triazole-3(4H)-thiolyl ethylene glycol 5 have been obtained by three steps synthesis from L(+)-tartaric acid according to scheme 1. Diethyl tartarate 2 was isolated in excellent yield (96%) from the parent tartaric acid.
The ester 2 was treated with hydrazine hydrate (64%) to give dihydrazide 3 in very good yield (84%). The oxadiazole 4 was obtained by treating 3 with carbon disulphide in presence of slight excess of aqueous KOH in ethanolic medium. IR spectrum of 4 exhibited strong bands at 3442, 3350 and 3238 cm -1 for free and bonded OH groups in addition there were two weak bands observed at 2480 and 2428 cm -1 assigned to two SH groups. The IR also showed a strong band at 1637 cm -1 was assigned to C=N bond 8 and two bands at 1468 and 1412 cm -1 attributed to C=S groups in two oxadiazole thione rings. The spectrum also exhibited absorptions at 1120 and 1105 cm -1 were assigned to N-N bonding in two oxadiazole rings 25 . These observations suggested that oxadiazole exists in the thione form 4 in solid form with a trace of the thiol form. . The presence of SH band is the primary indication for the formation of the triazole and exhibiting the known thione-thiol tautomeric phenomenon which is usually associated with this structural system. Scheme 1. The general synthetic pathway of 4, 5 and 6 The 1 H-NMR spectrum of 5 exhibited the NH 2 signal at 4.8 ppm and another signal at 9.6 ppm for aromatic NH within the triazole ring. The 13 C-NMR spectrum exhibited signals at 206 ppm attributed to C=S, 180 ppm assigned for C-SH and at 74 and 72 ppm related to acyclic carbons linked to OH. IR, 1 H-NMR and 13 C-NMR spectra indicating that the amino triazole 5 is existed as mixture of thione and thiol form.
The condensation of 5 with L-arabinose in ethanol in presence of HCl gave the glycoside 6 in good yield (75%). IR showed the characteristic bands at 3613 (OH), 3334 (NH), 2359 (SH) cm -1 . This indicates that condensation had occurred with 4-N-amino group to give theoretically the structure 6a which substantially cyclized preferably into pyranoside 6b and/or less probable in furanoside ring.
1 H-NMR confirmed this by the presence of a signal at 2.1 pp. attributed to SH.
Synthesis and characterization of complexes
The compounds 2, 3 and 4 will be assigned as ligand 1 (L1), ligand 2 (L2) and ligand 3 (L3) respectively for the purpose of complex formation. The ligands L1, L2 and L3 complexes with trivalent ion Fe(III) and divalent ions Cu(II) and Ni(II) were prepared according to the literature by using appropriate solvents 28 . Ethyl tartarate 2 (L1) dissolved in ethanol while the other ligands, dihydrazide 3 (L2) and bis-oxadiazole 4 (L3) were soluble in water. Formation of complexes between L1, L2, L3 and ions Fe(III), Ni(II) and Cu(II) were associated with changes in colors (see Table 1 ). The electronic spectra of L1-Fe, L1-Ni and L1-Cu displayed shifts from 223 nm(L1) to 416 nm, 404 nm and 403 nm respectively. L2-Fe, L2-Ni and L2-Cu showed shifts from 230 nm (L2) to 545 nm, 386 and 405 nm respectively. While L3-M complexes showed shifting in absorption maxima from 288 nm, 342 nm and 379 nm (L3) to 503 nm (for L3-Fe), 569 nm (L3-Ni) and 413 nm (for L3-Cu) as shown in Table 1 . These results are in accord with reported observations of great affinity of ions Ni and Cu to form complexes with nitrogen, oxygen and sulphur atoms 29 . All complexes displayed strong peaks between 300→570 nm due to charge transfere and inter ligand electronic transition. The other peaks at 600→750 nm are assigned reasonably to 2 E g → 2 E 2g transition 30, 31 .
Chem Sci Trans., 2012, 1(1), [185] [186] [187] [188] [189] [190] [191] [192] [193] A supporting proof for the formation of complexes can be observed from infrared spectroscopy. The IR spectra (Table 2) This indicating that the OH groups of the ligands are more bonded by intramolecular hydrogen bonding which preferring an eclipse glycol form (Figure 1 Lx-M complexes This suggesting that complex formation is taking place between the carbonyl groups in the ester 2, the hydrazide 3 and the oxadiazole-thiol 4 rings with the metal ions as in Figure 2 . In L1 the value of γ (C=O) stretching vibration is displayed in 1747 cm -1 while in L1-Fe it appears at a lower region 1739 cm -1 , in L1-Ni at 1741 cm -1 and in L1-Cu at 1738 cm -1 . This indicating that the coordination has taken place through oxygen of C=O group. In L2, the coordination of metals seems to take place with nitrogen atom adjacent to carbonyl group as it is shown by lower absorption bands of NH and increasing the absorption of carbonyl to 1701 cm -1 in L2-Fe, 1681 cm -1 for L2-Ni and 1699 cm -1 for L2-Cu.
The coordination of L3 with metals seems most probably occurred with the nitrogen of the ring neighboring to C=S group. The blue shift in C=S vibration 1467 cm -1 → 1490 cm -1 (L3-Fe and L3-Ni) suggesting that mesmerism phenomenon is seized between nitrogen and C=S group. The coordination between Cu and L3 is most likely happened with sulphur atom. The bands present between 455 cm -1 →491 cm -1 assigned to γ (N-M) vibrations [32] [33] [34] .
Biological activity
The filter paper disk method (NCCLS) [22] [23] [24] was employed in duplicate for the in vitro study of antimicrobial effects against three Gram-positive bacteria Y.p.tuberculoses, Staphylococcus aureus ATCC 25923 and Enterococcus faecalis ATTC 29212, two Gram-negative bacteria Escherichia coli ATCC 25924 and Pseudomonas aeruginosa ATCC 2783 and fungus C. albicans. DMSO was used as negative control, Ampicillin and Gentamycin were used as positive control. The inhibitory effects are summarized in Table 3 . The ester 2 and the hydrazide 3 showed a weak antibacterial and antifungal activity against all Gram-positive and Gram-negative bacteria as well as C.albicans under study. The oxadiazole 4 showed a moderate activity against Gram-negative P. aeruginosa. The N-aminotriazolethiol 5 exhibited a wider range activity against Gram-negative E. coli, P. aeruginosa and fungus C. albicans. In another hand the double headed N-nucleoside 6 have shown a similar anti-microbial activity as compound 5 except on P. aeruginosa where its activity was rather weak. The minimum inhibition concentration (MIC) (see Table 4 ) showed that the ester 2 and the hydrazide 3 had no effect on all tested microorganisms at 5.0 µg mL -1 concentration. Compound 4 exhibited an anti bacterial activity against P.aeruginosa and anti fungal activity against C. albicans down to concentration 2.5 µg mL -1 . Compound 5 showed some activity down to concentration 2.5 µg mL -1 on Gram-negative bacteria E. coli and P. aeruginosa and fungus C. albicans. While compound 6 showed activity against Grampositive S. aureus and Gram-negative E. coli and fungus C. albicans down to concentration 2.5 µg mL -1 . However compound 6 showed its antibacterial activity upon Gram-negative bacteria P. aeruginosa down to concentration 1.25 µg mL -1 .
Conclusion
Double headed nucleosides have significant enhancement of potency against Gram-negative bacteria and to less extent against Gram-positive bacteria and fungus in comparison with the other derivatives. The UV-Vis and IR spectroscopy are still effective tools for detecting the formation of organo-metallic complexes.
